INTRODUCTION
Toxic emissions from internal combustion engines are environmentally concerned because of their consequential effects on air quality, human health, and global warming [1] . Thus, there are more efforts by the governments to control them. Toxic emissions include but are not limited to unfettered hydrocarbons (HC), carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOx), and particulate matters (PM) [2, 3] . Emission is a general term that may be used to describe the unsafe gases and particles which are released into the air or emitted by different sources. Carbon monoxide (CO), lead, nitrogen dioxide (NO 2 ), ozone (O 3 ), CO 2 , PM and sulphur dioxide (SO 2 ) are the pollutants of serious concern that pose high risk to human health and the environment. These are the criteria pollutants. The sources of these pollutants are diverse (include facilities from factories and power plants), mobile sources, (automobile vehicles, lawn mowers, airplanes, and any other mechanically propelled machineries and pollutants releases into the air), biogenic sources, (such as trees and vegetation, gas seeps, and microbial activity) and area sources (these are smaller stationary sources like dry cleaners and degreasing operations). Diesel fuels are a blend of hydrocarbons compounds with other smaller constituents especially impurities whose constituents majorly contain hydrogen, carbon atoms, nitrogen and sulphur.
In a perfect or ideal engine, oxygen in the air reacts with the hydrogen in the fuel to yield water while carbon in the fuel to carbon dioxide and nitrogen in the air often remain inert. In fact, the combustion process can neither be perfect nor ideal, but automotive engines emit various magnitudes and types of pollutants. Hydrocarbon emission is a consequential effect of partial or complete combustion of fuel in the engine. It reacts with the sunlight and nitrogen oxides to form ground-level ozone, a prominent constituent of smog. This ozone irritates the eyes, negatively affects the lungs, and worsens respiratory tract health issues. It is common and not effectively managed urban air pollution challenge. Mostly, hydrocarbons exhaust gases are toxic not only to animals but to environment, with the high potential to cause health issues such as cancer. Generators, lawn mowers, water pumping machines, earth moving equipment like excavators, vulcanizing machines, outboard and inboard engines on marine vessels are powered with fossil fuel, and they emit gaseous emissions consequently affecting the air quality. Diesel engine exhausts are considered one of the major sources of air pollution. The basic exhausted gases (pollutants) from internal combustion engines are prominently oxides of nitrogen, CO, CO 2 total organic compounds, and particulates (these particulates include non-visible and visible emissions). The dwindling electricity generation strength and its capacity in an amazingly increasing population, with little or no suitable strategy to correspond to this alarming state, necessitate more electric power to subdue the existing supply. In the year 2000, the issue aggravated Nigeria electricity supply challenges, consequently led the Federal Executive Council in the year 2001 to approve the National Electric Power Policy that resulted in significant review of ownership, control and regulation of the power sector. The ineffectiveness of the Power Holdings Company of Nigeria (PHCN) to render electricity supply has resulted in massive use of generators [2] [3] [4] [5] making Nigerians to be chronic users of private power generators across the globe [6] [7] [8] . Despite the privatization of PHCN, almost 75% of the Nigerian population still lives without access to regular electricity supply. However, the usage of generator keeps on increasing all over the country due to poor rate of awareness among the Nigerians and the laxity of the government to put effective measures to the menace of power supply. According to a global research published, Nigeria is the leading market in terms of demand and consumption of diesel, petrol and gas generators in Africa. It was forecasted to experience the growth rates of 8.7% driving up the market volume for generator estimated at NGN 71.55 billion ($450 million) in 2011, which tend to reach NGN 151.16 billion ($950.7 million) by the year 2020. This is due to a consequential effect of the epileptic power situation in the country. Hence, noise from generating plants in many areas in Nigeria coupled with the associated exhaust emission has seriously contributed to the depletion of the ozone layer in the atmosphere [9, 10] . To worsen the situation, there are currently no accurate data on this subject matter and a higher percentage of generator users in the country faced with emission problems are ignorant of the menace on their health and environment. In Nigeria currently there is a lack of the appropriate data on the consequence of generator usage on the environment. Even though, there are small number of essential health issues related to generator usage; the generators emit CO, CO 2 , particulate matters comprising seared hydrocarbons and oxides of nitrogen that enhance air pollution. The condition of generator determines its exhaust, since incomplete combustion of hydrocarbon products (usually unburnt hydrocarbons) often do more harm than good to the ecological set-up. In a moment, it was noted that majority of business owners believe that generator usage in real sense of present usage is not safe for human health and the environment, but on the contrary about 22 percent thought otherwise [11] . To this end, the main goal of this research study is to develop a statistical risk model that will estimate the level of carbon dioxide emission derived from the use of diesel generating sets. The motivation herein will reveal the damage to climate change and the need to develop policy for sustainable environmental planning and improvement in the nation's power supply.
LITERATURE REVIEW ON EMISSION STANDARDS
Emissions have standards that are predetermined by organizations and even countries worldwide. Benchmarks for human and public health purposes have now been set and must not be exceeded. World Health Organization (WHO) is one of such international agencies of the United Nations (UN) saddled with the responsibility for international public health. American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) was established in 1894; it is an international society moving forward human well-being through sustainable technology for healthy environment. In Nigeria, there exists Federal Environmental Protection Agency (EPA), the National Emission Standards for Hazardous Air Pollutants, with the primary responsibility to protect human health and environment. Table 1 shows the recommended emission standards for Tier 1-4 EPA non-road diesel engine. 
FACTORS AFFECTING EMISSION LEVELS OF DIESEL ENGINE GENERATORS
Two separate factors often affect the emissions produced by diesel engine generators. Firstly, it is a known fact that, as generator ages and accumulates more mileage, the engine slowly wears and produces higher emissions despite the fact that diesel engine depreciation is acknowledged slow for tenacity of certification. This imply that, for instance, a ten years old generator would definitely produce higher emissions after a decade of usage than it did when it was new. Secondly, the inevitable change in technology is another factor. The changing technology suggests that the engines produced today are technically different or upgraded especially in the area of electronic, size and control, which need to meet more stringent emission standards. Convectional fuels other than usual diesel may serve as a means of reducing heavy-duty engine emissions. Fuels like liquefied petroleum gas, compressed natural gas and a number of alcohols have been invented and used but some mostly require engine modifications for operation. However, employing usual diesel or a diesel equivalent may yield significant drops in engine emissions while circumventing the cost of generators modifications. New fuel upgrade can affect diesel engine generators and reduce NOx and PM considerably [14] . Fuel additives can be used to reduce the emissions, The work load on diesel engine generators determine its emission -the higher the work load, the higher the emission produced [15] .
MODELLING EMISSION TECHNIQUES
By determining the model's purpose, a modeler makes the later choices of both components and structure practicable. There are various modeling techniques commonly used. These include: system dynamic models, conceptual and physical models, mathematical models, artificial neural networks model, logic data model and statistical models. Researchers have developed several models for emission control. [16] developed an integrated model on the framework of STELLA software, used to provide effective urban energy planning for a low-carbon city. [17] developed a model using the artificial neutral network to forecast the emission features of any upgraded or newly formulated biodiesel and its blends functioned at varying load conditions in a cylinder diesel engine. [18] also used artificial neutral network approach in predicting engine-out emissions and performance parameters of a turbo charged diesel. The statistical model described in this paper is a simplified, mathematically-developed to near reality and to make forecasts from the approximation. [19] employed multiple linear regressions and statistical analysis system software to develop CO2 emission models from 40h of emissions data (on a light-duty gasoline automobile vehicle on main roads or highways) obtained with a second resolution using onboard emission measurement systems (Horiba OBS-1300). The developed models involved some variables such as velocity, acceleration and collaboration stint. The primary aim of this study is to develop a statistical model for determining CO emission level from diesel engine generators.
MATERIALS AND METHODS STUDY AREA AND SUBJECTS
The primary data for this study were collected amid generator sets users in 150 sites located in Abeokuta and Lagos, the 
METHOD OF DATA COLLECTION
Four variables are considered for the model building process. These variables are: the installed capacity, the purchase time, the operating time and the time last serviced. A questionnaire was designed with the objective of measuring these variables among the 150 users. The variables were presented as follows: the installed capacity (measured from the manufacturers' manual), the purchase time (in months), the operating time (in hours) and the time last serviced (in months). The interview was conducted and interpreted in English and Yoruba languages as applicable to each subject. On the average, each interview took about 45 minutes. Before the interview commenced, all potential volunteers agreed, and their consents were taken in oral and / or written form; also, they were informed that their participation in the study remained voluntary. The drive of the study and the confidentiality of the facts provided were stressed.
MULTIPLE LINEAR REGRESSION ANALYSIS
In this study, a multiple linear regression model is denoted as shown in Equation (1)
where: Tables 2 to 5 , to satisfy the model to be developed. 
The emission risk value (Y) was rated using Table 6 . 
MODEL VALIDATION
The Cook's distance is employed in regression analysis to find the outliers in a set of the variables. Cook's distance value was computed to find the maximum value. The Cook's distance maximum value should be less than 1.0 to mean that no predictor variables are having an undue influence. In order to validate the model, the responses of 15 users of generator sets to the predictor variables in the model (using the questionnaire) were used to compute the outcome of emission risk level using the MLRM developed, and were made available for the subjective opinions of four professionals from the academic environment. The ratings for each subject (emission level) using the two media were given the linguistic interpretations using Table 6 . These values and their linguistic interpretations were compared for correlation strength. Spearman's rho was used for significance tests of correlation coefficients at a p-value of 0.01. Correlation strengths was measured as strong |r| > 0.7, moderate, 0.3 < |r| < 0.7 or weak, 0 < |r| < 0.3. The independent sample t-test was also employed to analyze unrelated groups (the model, and the human professional, mean values) at p < 0.05. 
RESULTS AND DISCUSSION. THE OPTIMUM MODEL.

MODEL IMPLEMENTATION
The Multiple Linear Regression Risk Model developed to predict the level of CO emission in diesel engine generators derived from Table 7 is given as: 
where, Y denotes the dependent variable (i.e., risk level of carbon monoxide emission), V 1 denotes the variable one (i.e., the installed capacity), V 2 denotes the variable two i.e. the purchase time, V 3 denotes the variable three i.e. the operating time and V 4 denotes the variable four (i.e., the time last serviced). Using the model, user inputs the relevant ratings for the 4 variables using the 5-point scale (1= not important, 5 = very important) and then calculate the emission level(Y). One predictor variable, V 2 (Purchase time), had negative β coefficient (-0.164), this indicates that the correlation is insignificant because the generator can be bought and kept without being used, so this has little or no contribution to the emission level of the generator. The model summary provides for a new value for R 2 for the expanded model (Adjusted R 2 = 0.382) which explains about 38.2 % of the variance in emission (see Table 9 ). Also, F = 17.045, df = 20, p < 0.005 means that the MLRM is better at predicting the outcome than using the mean outcome because it generates some significantly smaller residuals. Table 11 displays the results of fifteen tested scenarios randomly selected from the numerous data collected. All the 4 predictor variables in the optimum model, the values of the predictors, the model and the human professional predicted values (HPPV) and the interpretations are all indicated. From Table 11 , the model predictions have higher interpretations of HR compared to the HPPV predictions. Samples (1, 3, 4, 5, 6, 8, 11, 13, 14 , and 15) have same interpretations for both the model predictions and the human experts' predictions.
After comparing the results of predicted values of the model with that of human predictions for correlation strength using spearman's rho, a significant correlation was found, r = 0.895, p = 0.0001. The coefficient of determination of 0.895 suggests 89.5% variability which signifies a very strong correlation (Table 12) . The t-test to determine the mean difference between the human prediction values and the model prediction values found that the model prediction showed a statistically significantly lower level of risk (3.0667 ± 0.205) compared to human prediction (3.3667 ± 0.419), t(28) = -0.643, p = 0.526 as shown in Tables 13 and 14 , respectively. However, the group's means were not significantly different, since the t-test evaluated value was greater than critical value of the t-test at 5% level of significance. 
DISCUSSION OF RESULTS
A multiple linear regression risk model was developed to predict the risk of carbon monoxide emission from the use of diesel engine generators. The model, using four predictors, the installed capacity, the purchase time, the operating time and the time last serviced, was suitable for predicting the outcome by statistical analysis judgments. The installed capacity of a diesel engine generator from statistical proof (p = 0.0001) means that generators' capacities greatly affected the emission rate for a diesel engine generator. The primary use of a generator may have an effect on the emissions produced. Hence, the higher the load on the generator, the higher the amount of emission produced. For example, the load and the operating time of the generator used in an industry will be higher than that used in a house thereby producing higher emissions which can be very dangerous to subjects and the environment. The operating time stated in this research is on frequent 'start and stop' mode i.e. the generator is not running continuously. The emission products can however be rated for necessary regulations using the developed model. The time of purchase of diesel engine generators may not pose threat proportional to the emission rate, especially when the purchase time of a generator is not the time the users put it into use. A generator that was purchased and has not been used cannot produce emission; therefore, for this model; the purchase time actually indicated a negative beta value. There were two separate factors of generator age that may affect the emissions produced. In the first instance, it is anticipated that, as a generator ages and accumulates high mileage, so the engine slowly wears and produces higher emissions although diesel engine depreciation is acknowledged to be slow for purposes of certification.
A ten-year-old generator may produce higher emissions after ten years of usage than it did when it was newly bought; this is in line with the conclusion of [9, 2] . The later factor is the change in technology, which suggests that the engines produced today are different from the older ones especially in the areas of electronic systems, materials type and control which essentially needs to meet more austere emission standards. The risk level predicted by the developed model from the statistical analysis was lower than the human experts' predictions risk level. The lower result of model predictions may appear due to typographical error during the input of data, or error from collection of primary data among others. In the case of higher human prediction values, errors may also occur as a result of the subjective opinion of the human expert. They might predict the risk under some influential circumstances. However, the percentage of correlation between the model predictions and the human predictions was very strong. The model developed in this study can be significant in many areas. Any organizations or private individuals using generators can be able to predict the risk of emission level from the power generating device without reference to human experts which are in most cases very scarce.
CONCLUSIONS
The CO emission of diesel engine generators which poses great threat to humans and its environment has been considered in this research paper. The following conclusions can be drawn: (a) Significant predictors of CO emission were identified as: the installed capacity, the purchase time, the operating time and the time last serviced. can find their applications in government environmental protection agencies for determining the levels of harmful emission from diesel engine equipment, and the subsequent contributions to greenhouse gas (GHG) effects.
